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I N D E X
INTRODUCTION
A series of documents d e a l i n g w i t h nomenclature, symbols and u n i t s used i n spectrochemical a n a l y s i s is i s s u e d by IUPAC.
P a r t I ( P u r e & A p p l i e d
C h e m i s t r y , 3 0 , 6 5 3 -6 7 9 ( 1 9 7 2 ) ) and P a r t I1 ( P u r e & A p p l i e d C h e m i s t r y , 45, 99-103 ( 1 9 7 n ) a r e concerned mainly w i t h g e n e r a l recommendations i n t h e f i e l d of emission spectrochemical a n a l y s i s .
P a r t I11 ( P u r e 6 A p p l i e d C h e m i s t r y ,
-4 5 , 1 0 5 -1 2 3 ( 1 9 7 6 ) ) d e a l s w i t h t h e nomenclature of a n a l y t i c a l flame spectroscopy and a s s o c i a t e d procedures.
P a r t I V ( P u r e & A p p l i e d C h e m i s t r y ,
-5 2 , 2 5 4 1 -2 5 5 2 ( 1 9 8 0 ) ) concerns X-ray emission (and f l u o r e s c e n c e ) spectroscopy.
P a r t V d e a l s with t h e c l a s s i f i c a t i o n and d e s c r i p t i o n of r a d i a t i o n sources. P a r t V I covers o p t i c a l molecular luminescence spectroscopy. P a r t V I I d e a l s with molecular a b s o r p t i o n spectroscopy (W/VIS) , P a r t V I I I documents p e r t i n e n t information f o r X-ray wavelengths. P a r t I X d e a l s with t h e f i e l d of i n s t r u m e n t a t i o n f o r t h e d i s p e r s i o n and i s o l a t i o n of o p t i c a l s p e c t r a .
The p r e p a r a t i o n of m a t e r i a l s p r i o r t o spectrochemical a n a l y s i s i s one of t h e most important s t e p s i n t h e determination of elements, e s p e c i a l l y where t h e s e a r e a t t r a c e l e v e l s , and proposals a r e given h e r e i n , P a r t X I f o r nomenclature on p r e p a r a t i o n of m a t e r i a l s .
Sampling procedures and definitions
Sampling procedures n o t s p e c i f i c a l l y r e l a t e d t o spectrochemical procedures w i l l be d e a l t with i n a r e p o r t e n t i t l e d "Recommenda t i o n s f o r t h e Nomenclature of Sampling i n A n a l y t i c a l Chemistry" i n p r e p a r a t i o n by IUPAC A n a l y t i c a l Chemistry Division, Commission V-3, on a n a l y ti c a l nomenclature.
A s t h i s has n o t y e t been published t h e g e n e r a l terms used i n t h e p r e s e n t document have been s e l e c t e d a f t e r c o n s u l t a t i o n w i t h Commission V-3 i n an attempt t o harmonize terminology common t o t h e two documents i n advance of p u b l i c a t i o n . The terminology adopted h e r e is o u t l i n e d schematica l l y i n F i g . 1 , e l a b o r a t e d w i t h examples i n F i g . 2 , and discusse: below. The r o u t e s from l o t " t o a n a l y s i s i n F i g s . 1 and 2 a r e i n d i c a t i v e only and t h e a c t u a l r o u t e s s e l e c t e d f o r any p a r t i c u l a r purpose a r e dependent on t h e samplinq plan adopted. R e f e r r i n g t h e r e f o r e t o F i g s . 1 and 2 t h e nomenclature of t h e d i f f e r e n t sample types i n t h e sampling h i e r a r c h y i s o u t l i n e d below i n t h e d e f i n i t i o n s . ,,SAMPLE UNITS SAMPLE UNITS
ChomkrMphyrlcrl trortmont
Analyrlr SAMPLE F i g . 1 Schematic diagram of sampling s t a g e s and terminology
purposes of t h e i n v e s t i g a t i o n . sampled by using a p a r t i c u l a r sampling p l a n . Sample u n i t : t h e d i s c r e t e i d e n t i f i a b l e p o r t i o n s u i t a b l e f o r t a k i n g a s a sample or as a p o r t i o n of a sample. d i f f e r e n t s t a g e s of sampling.
an i d e n t i f i e d q u a n t i t y of m a t e r i a l assumed t o be uniform f o r t h e I t c o n s t i t u t e s t h e t o t a l m a t e r i a l t o b e These u n i t s may be d i f f e r e n t a t Bulk sample:
combination of sample u n i t s .
t h e sample r e s u l t i n g from t h e planned aggregation o r Laboratory sample: d i r e c t l y from a bulk sample: Composite sample: o f t e n prepared a s a r e p r e s e n t a t i v e mixture of s e v e r a l d i f f e r e n t ( u s u a l l y b u l k ) samples, and from which t h e l a b o r a t o r y sample i s taken. T e s t sample: process i n v o l v i n g homogenization using p h y s i c a l o r mechanical t r e a t m e n t s such a s g r i n d i n g , d r i l l i n g , m i l l i n g o r s i e v i n g .
The t e s t sample i s t h e n i n a form s u i t a b l e f o r subsamplinq f o r a n a l y t i c a l purposes, f o r s t o r i n g f o r f u t u r e a n a l y s i s o r f o r use f o r t e s t purposes o t h e r than a n a l y t i c a l . The a n a l y t i c a l sample:
t h e f i n a l product of sampling which s e r v e s f o r t h e d e t e r m i n a t i o n of a t l e a s t one q u a l i t y c h a r a c t e r i s t i c . subsampling t h e t e s t sample d i r e c t l y o r by chemically o r p h y s i c a l l y t r e a t i n g t h e t e s t sample, o r a subsample of i t , t o provide a form s u i t a b l e f o r a n a l y s i s .
The a n a l y t i c a l sample may be subdivided t o e n a b l e , f o r example, r e p l i c a t e measurements t o be made.
I n some t y p e s of a n a l y s i s only a p a r t , u n s p e c i f i e d i n s i z e , of t h e a n a l y t i c a l sample i s consumed i n t h e a n a l y s i s .
Where no homogenization o r s u b d i v i s i o n i s necessary t h e l a b o r a t o r y sample, t h e t e s t sample, and, i f t h e l a t t e r r e q u i r e s no f u r t h e r chemical o r p h y s i c a l t r e a t m e n t , t h e a n a l y t i c a l sample are i d e n t i c a l .
With some homogeneous m a t e r i a l s such a s waters o r o i l s t h e l a b o r a t o r y sample may be t a k e n d i r e c t l y from a sample u n i t and, i f no f u r t h e r s u b d i v i s i o n o r homogenization i s c a r r i e d o u t , t h e l a b o r a t o r y sample i s t h e t e s t sample. S i m i l a r l y , w i t h atmospheric p a r t i c u l a t e s c o l l e c t e d on a f i l t e r , t h e sample u n i t i s t h e l a b o r a t o r y sample and, i f no f u r t h e r s u b d i v i s i o n o r homogenization i s c a r r i e d o u t , a l s o t h e t e s t sample.
I n many spectrochemical techniques t h e p h y s i c a l and chemical form of t h e sample a c t u a l l y p a r t i c i p a t i n g i n t h e measurement, and c o n t r i b u t i n g t o t h e s i g n a l , may d i f f e r from t h a t of t h e a n a l y t i c a l sample.
I n t h e s e cases i t may undergo s e v e r a l t r a n s f o r m a t i o n s from one s t a t e t o a n o t h e r , f o r example, i n flame atomic spectroscopy, i n t o an a e r o s o l and then a metal vapour o r i t may be converted i n t o a gaseous hydride i n t h e d e t e r m i n a t i o n of hydrideforming elements.
These forms might be considered ' i n s t r u m e n t a l samples' b u t s i n c e such t r a n s f o r m a t i o n s may n o t be f u l l y under t h e c o n t r o l of t h e a n a l y s t they a r e excluded from c o n s i d e r a t i o n i n t h i s document on sample p r e p a r a t i o n .
The a n a l y t i c a l sample should t r u l y r e p r e s e n t t h e l a b o r a t o r y sample, b u t t h i s may n o t be t h e case i n a l l r e s p e c t s i n t h e case of p a r t i a l d i g e s t i o n o r because d u r i n g i t s p r e p a r a t i o n , t h e m a t e r i a l may have become o x i d i z e d o r hydrated, dehydrated, carbonated e t c .
The p r e p a r a t i o n of such samples may r e q u i r e a d d i t i o n a l p r e c a u t i o n s , such as working under dry and/or i n e r t gas atmospheric c o n d i t i o n s .
With a l l methods of sampling and p r e p a r a t i o n t h e a c c i d e n t a l i n t r o d u c t i o n , i . e . contamination (see Ref. a ) , o r loss of one o r more c o n s t i t u e n t s can occur. This may be caused by t h e materials used i n t h e p r e p a r a t i o n s t a g e s , t h e composition o r p h y s i c a l p r o p e r t i e s of t h e c o n t a i n i n g v e s s e l s , t h e chemicals used o r t h e t r e a t m e n t employed.
Therefore, a l l t h e p r e p a r a t i o n p r o c e s s e s and t h e m a t e r i a l s and chemicals employed must be chosen t o minimise contamfna t i o n with and l o s s e s of t h e a n a l y t e .
Contamination can be avoided by t h e use of d e d i c a t e d l a b o r a t o -ware f o r s p e c i f i c a n a l y s e s .
Clean-room, o r c l e a n -g ' a m i a i r -f l o w c a b i n e t s m m r e q u i r e d f o r t h e r e d u c t i o n of environmental contamination.
t h e sample s u p p l i e d t o t h e l a b o r a t o r y and o f t e n taken i t may c o n s i s t of sample u n i t s . t h e sample taken o r formed from t h e l a b o r a t o r y sample, by a I t i s o b t a i n e d by
Accurate sample documentation i s e s s e n t i a l n o t only f o r c o r r e c t matching of samples and a n a l y t i c a l r e s u l t s b u t , combined w i t h documentation of rea e n t s measurement and r e c o r d i n g of t h e a n a l y t i c a l blank, a l s o s e r v e s t o i d e n t i f y ( r e t r o s p e c t i v e l y ) p o s s i b l e sources of contamination.
and consumable l a b o r a t o r y i t e m s such a s f i l t e r papers and w i t h regu + a r
Ref. a .
"Separation and p r e c o n c e n t r a t i o n of trace s u b s t a n c e s .
I . Prec o n c e n t r a t i o n f o r i n o r g a n i c trace a n a l y s i s , " P u r e A p p i . Chem., 51, 1201 (1979).
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Metallic materials
2 . 1 . 1
and o t h e r techniques.
The a n a l y s i s of a m e t a l l i c m a t e r i a l i s o f t e n c a r r i e d o u t using t h e l a b o r a t o r y sample a s t h e a n a l y t i c a l sample. Laboratory samples which mav be analvsed S e l f -e l e c t r o d e samples f o r o p t i c a l emission s p e c t r o s c o p i c a n a l y s i s -..
d i r e c t l y , a f t e r a minimum of s u r f a c e t r e a t m e n t , ake i n g o t s , ba; samples, forged samples , c a s t samples , c a s t -p i n samples , c h i l l -p i n samples , s p l a s h samples.
Other types of sample i n t h i s category a r e s h e e t samples, w i r e samples, rod samples and f a b r i c a t e d samples ( e . g . a machined component such as a gear-wheel).
I n some cases l a r q e components may be sampled o r e x c i t e d on s i t e f o r d i r e c t a n a l y s i s l o c a l l y 0; remotely.
. 1 . 2
T e s t samples from which t h e a n a l y t i c a l sample may be taken d i r e c t l y , i n c l u d e d r i l l i n g s , sawinqs , chips , f i l i n g s , m i l l i n g s , t u r n i n g s and shavings.
I n o r d e r t o o b t a i n a uniform c r y s t a l s t r u c t u r e , and overcome i t s previous m e t a l l u r g i c a l h i s t o r y , t h e a n a l y t i c a l sample may b e d e r i v e d from t h e l a b o r a t o r y o r t e s t sample by some form of h e a t treatment, followed by uenchin : a uniform c r y s t a l s t r u c t u r e may a l s o be achieved by annealinggat a co:trolled temperature.
The m e t a l l u r g i c a l h i s t o r y may a l s o be overcome by s u b j e c t i n g t h e s u r f a c e t o a n e n e r g e t i c e l e c t r i c a l discharge and/or by f o r g i n , hammerin9 and r o l l i n q .
For some a n a l y t i c a l purposes i t may be d e s i r a b l e t o 9 m e l t o r vacuum-melt t h e whole l a b o r a t o r y sample. P r i o r t o a n a l y s i s , a l l o r p a r t of t h e s u r f a c e can be f a c e d mechanically t o form a plane s u r f a c e o r machined t o t h e r e q u i r e d shape.
T h e r e a f t e r t h e metal s u r f a c e may be prepared t o v a r i o u s degrees of smoothness by using a disc-o r band-facer, b e l t -s a n d e r o r l i n i s h e r .
I t may be mechanically p o l i s h e d and i n some cases spark e r o s i o n , S p u t t e r i n g , e l e c t r o l y t i c e t c h i n g , o r chemical e t c h i n q may be used t o c l e a n t h e s u r f a c e o r t o i n v e s t i g a t e s u r f a c e c h a r a c t e r i s t i c s .
Many of t h e s e s u r f a c e t r e a t m e n t s a r e p o t e n t i a l sources of contamination and s u i t a b l e p r e c a u t i o n s should be taken.
For X-ray photo-electron spectroscopy (XPS) o r e l e c t r o n beam e x c i t a t i o n methods use i s sometimes made of vacuum-coating, vacuum-deposition, ion-implantation o r s p u t t e r i n g techniques t o prepare o r form t h e s u r f ace of t h e a n a l y t i c a l sample and/or t o prevent build-up of e l e c t r i c a l charge d u r i n g a n a l y s i s .
A conductive sample prepared i n one of t h e ways described above may be used a s a s e l f -e l e c t r o d e f o r a n a l y s i s by o p t i c a l emission spectroscopy using a r c , spark o r o t h e r methods of e x c i t a t i o n (see Ref. b ) .
X-ray fluorescence a n a l y s i s .
I t may a l s o be used f o r
Liquid materials
A l a b o r a t o r y sample, such a s a water sample which may have been a c i d i f i e d a t t h e t i m e of c o l l e c t i o n , may be subsampled and/or f i l t e r e d t o provide t h e t e s t sample which i s used d i r e c t l y a s the a n a l y t i c a l sample. a n a l y t e s (see Ref. c ) i n t h e l a b o r a t o r y o r t e s t sample may be s e p a r a t e d and/ o r preconcentrated by i o n exchange, s e l e c t i v e v a p o r i z a t i o n , e x t r a c t i o n o r p r e c i p i t a t i o n e t c . t o form t h e a n a l y t i c a l sample. m a t e r i a l s t h e a n a l y t i c a l sample may be prepared f o r spectrochemical a n a l y s i s by d i s s o l v i n g i n an o r g a n i c s o l v e n t .
A l t e r n a t i v e l y the Nomenclature, Symbols, Units and t h e i r Usage i n Spectrochemical Analysis-V, Radiation Sources, P u r e A p p l . Chem., 2 , 1913 (1981) .
Ref. c.
Compendium of A n a l y t i c a l Nomenclature, H.M.N.H. I r v i n g , H . Freiser and T.S. West, Pergamon, S e c t i o n 18.4. 1, p . 130 (1978) .
t r e a t m e n t t o produce a t e s t sample of s u f f i c i e n t l y s m a l l p a r t i c l e s i z e t o make r e p r e s e n t a t i v e sampling p o s s i b l e o r t o s u i t t h e method of a n a l y s i s b e i n g employed. This c a n be achieved by dry g r i n d i n q o r w e t g r i n d i n q ( i . e . g r i n d i n g i n a l i q u i d which does n o t d i s s o l v e t h e sample) o r s h a t t e r i n s t h e m a t e r i a l i n a morta; (by hand o r mechanically) b a l l -m i i l , p u l v e r i z e r , d i s c -m i l l , s h a t t e rbox m i l l o r hammer-mill.
The materials f o r which such d e v i c e s are manufactured must be c a r e f u l l y chosen t o avoid contamination. Subsampling of powdered materials may r e q u i r e t h e use of r i f f l e r s , d i v i d e r s o r t h e technique of coning and q u a r t e r i n q .
Organic Materials
Massive l a b o r a t o r y samples o r o r g a n i c material may b e d i f f i c u l t t o p r e p a r e i n a form from which a r e p r e s e n t a t i v e t e s t sample can b e taken. A dry sample (such as p l a s t i c ) may be prepared by s
e n homosenized bv one of the methods s i v e n i n S e c t i o n 2.3.1, to fo;m the test sampie from which t h e a n a l y t i c a l simple is taken. For some purposes t h e f r e e z e -d r i e d l a b o r a t o r y sample, f o r example a f r e e z e -d r i e d t i s s u e s e c t i o n , may b e analysed d i r e c t l y .
For materials with a complex composition, i . e . c o n s i s t i n g of non-homogeneous p a r t i c l e s mixed a t random o r p a r t i c l e s c o n t a i n e d i n a l i q u i d , e . g . wear metals i n o i l s , t h e t e s t sample and t h e a n a l y t i c a l sample must be t a k e n by a n a p p r o p r i a t e method, according t o a p r e s c r i b e d procedure as i n d i c a t e d below. The a n a l y t e may b e p r e s e n t i n p a r t i c u l a t e forms of v a r i o u s shapes and s i z e s unevenly d i s t r i b u t e d i n t h e l a b o r a t o r y sample, P r e s c r i b e d c o n d i t i o n s are u s u a l l y l a i d down (e.g. temperature, mixing procedure, e t c . ) t o e n s u r e o b t a i n i n g r e p r e s e n t a t i v e t e s t and a n a l y t i c a l samples.
Laboratory micro-samples
I t may b e u s e f u l t o t a k e a l a b o r a t o r y micro-sample ( s e e Note 1) d i r e c t l y from t h e sample u n i t , e . g . blood from an animal. Such samples, however, may n o t b e f u l l y r e p r e s e n t a t i v e samples. A l a b o r a t o r y micro-sample i n t h e form of an i s o l a t e d p i e c e of m a t e r i a l o r p a r t i c l e , o b t a i n e d f o r example i n f o r e n s i c work, may be used d i r e c t l y f o r micro-analysis.
A s e l e c t i v e micro-sample results where a small p o r t i o n has been s e p a r a t e d from t h e l o t o r l a b o r a t o r y sample by s e l e c t i v e means such as magnetic-, density-, o r manual s e p a r a t i o n , by m i c r o -d r i l l i n q , o r by c e n t r i f u g a t i o n , e .
g . t h e s e p a r a t i o n of magnetic minerals from a g e o l o g i c a l material, o r t h e s e p a r a t i o n of metal p a r t i c l e s from a l u b r i c a t i n g o i l . I f i n d i v i d u a l p a r t i c l e s are analysed t h e term i n d i v i d u a l p a r t i c l e a n a l y s i s i s a p p l i e d .
The a n a l y s i s of s p e c i f i c micro-areas o r micro-volumes of a l a r g e r sample, e:g. t h e a n a l v s i s of an i n c l u s i o n i n a metal, is a l s o c l a s s i f i e d as micro-analysis ( P a r t V,*Section 7.8.1). prepared from t h e l a b o r a t o r y sample i n such a way t h a t a s m a l l p o r t i o n of i t s s u r f a c e can be analysed w i t h o u t removal from t h e surrounding b u l k . T h i s e n a b l e s a n i n s i t u micro-analysis o r a s u r f a c e a n a l y s i s t o be c a r r i e d o u t (Pure A p p l . Chem., 2, 2023 (1983) . This may b e non-destructive, i . e . does n o t change the p h y s i c a l o r chemical n a t u r e of t h e sample, o r may r e q u i r e micro-surface removal of t h e s u r f a c e area of i n t e r e s t . These techniques can g i v e depth p r o f i l e s of element d i s t r i b u t i o n . I n t h e s e cases, t h e t e s t o r a n a l y t i c a l sample is 
COMMISSION ON SPECTROCHEMICAL AND OTHER OPTICAL PROCEDURES FOR ANALYSIS
TERMS USED IN THE PREPARATION OR PRETREATMENT OF THE TEST SAMPLE FOR ATOMIC SPECTROSCOPIC ANALYSIS
The p r e p a r a t i o n of a sample f o r a n a l y s i s w i l l depend on whether t h e f i n a l determination i s t o be c a r r i e d o u t i n s o l u t i o n o r on a s o l i d .
I n t h e terms given below, t h e r e i s some overlap.
For example, a fused sample (Section
3.1.4) may be analysed d i r e c t l y a s a l i q u i d m e l t o r t h e cooled s o l i d o r i t may be t r e a t e d f u r t h e r t o provide a s o l u t i o n . sample may be ground and p e l l e t e d . A l t e r n a t i v e l y t h e fused
Materials analysed in solid form
M e t a l l i c m a t e r i a l s
A m e t a l l i c t e s t sample i n t h e form o f d r i l l i n g s , sawings, o r c h i p s e t c . (Section 2.1) may be analysed d i r e c t l y o r i t may be formed i n t o a pressed-%, o r p e l l e t (see P a r t V, s e c t i o n s 3.4.2 and 4 . 9 ) by means of a p e l l e t i n q p r e s s .
M e t a l l i c g l a s s e s may be r e c r y s t a l l i z e d by h e a t i n g t o a i d i n d i s s o l u t i o n .
3.1.2
Non-metallic i n o r g a n i c m a t e r i a l s
A non-conducting i n o r g a n i c t e s t sample may be mixed w i t h an a d d i t i v e (see Ref. c , S e c t i o n 16.7.7, 107-108) such a s a spectrochemical b u f f e r , a d i l u e n t , a v o l a t i l i z e r , a d e v o l a t i l i z e r o r a spectrochemlcal c a r r i e r t o form
t h e a n a l y t i c a l sample.
An i n o r g a n i c powder can be mixed, p r i o r t o p e l l e t i n g , w i t h a b i n d e r which may be an e l e c t r i c a l conductor. absorber i s sometimes employed.
For some w r p o s e s , f o r example when only a small amount of m a t e r i a l i s a v a i l a b l e , t h e p e l l e t may be backed by t h e pure b i n d e r o r o t h e r metal, one f a c e only of t h e p e l l e t being composed of t h e sample/binder mixture.
3.1.3
Organic m a t e r i a l s Some o r g a n i c m a t e r i a l s can b e analysed w i t h o u t p r e t r e a t m e n t . More u s u a l l y , however, t h e m a t e r i a l i s ashed o r mineralised.
The a s h , o r m i n e r a l i s e d r e s i d u e (with o r without a d d i t i v e s ) may be used f o r d i r e c t a n a l y s i s , o r a l t e r n a t i v e l y , a s o l u t i o n of t h e sample may be prepared from i t .
(See
S e c t i o n 3.2) .
The m a t e r i a l may be dry-ashed i n a muffle furnace a t a c o n t r o l l e d temperature. A l t e r n a t i v e l y i t may be m i n e r a l i s e d by low temperature ashing, i n , f o r example, an atmosphere of oxygen o r f l u o r i n e which has been e x c i t e d by a radio-frequency discharge.
I n o r d e r t o determine elements which a r e e a s i l y v o l a t i l i z e d , o r a r e p r e s e n t a s v o l a t i l e s p e c i e s , o r g a n i c m a t e r i a l may be ashed i n oxygen i n a c l o s e d oxygen combustion system. One such method is oxygen-flask combustion by which t h e t e s t sample i s burned i n a c l o s e d f l a s k c o n t a i n i n g oxygen and an absorbing s o l u t i o n i n which t h e a n a l y t e s a r e subsequently determined. Other c l o s e d oxygen-based combustion systems such a s p r e s s u r e bombs can a l s o be used.
(See a l s o S e c t i o n 3.2.6).
For some b i o l o g i c a l f l u i d s a d e p r o t e i n a t i o n o r haemol sis s t a g e may be
3.1.4
Fused samples I n o r d e r t o achieve homogeneity o r t o d e s t r o y t h e c r y s t a l l i n e s t r u c t u r e O f , f o r example, a non-metallic sample, i t may be h e a t e d w i t h a f u s i o n r e a g e n t o r f u s i o n mixture t o form a fused sample (the use of t h e term f l u x i s discouraged) .
The molten, fused sample may be poured on t o a c o l d , f l a t s u r f a c e t o produce a g l a s s which can be analysed d i r e c t l y , e . g . by X-ray f l u o r e s e n c e s p e c t r o scopy, o r i t may be cooled, ground and t h e r e a f t e r analysed.
To f a c i l i t a t e g r i n d i n g t h e h o t b r i t t l e s o l i d can be s h a t t e r e d by dropping it i n t o c o l d w a t e r , o r some o t h e r l i q u i d which does n o t d i s s o l v e t h e g l a s s .
For X-ray fluorescence a n a l y s i s , a low o r r e q u i r e d i n the p r e p a r a t i o n of t h e a n a l y t i c a l s a p + e Preparation of materials for analytical atomic spectroscopy 1469 3.1.5 S l u r r i e d samples S o l i d m a t e r i a l s i n powder form can be prepared f o r a n a l y s i s a s a s l u r r y of the powder i n an aqueous o r l i q u i d medium. These may be s t a b i l i z e d by using a s u f f i c i e n t l y f i n e powder o r by means of e m u l s i f i e r s o r t h i x o t r o p i c a g e n t s . A s f o r o r g a n i c m a t e r i a l s o f complex composition (Section 2.3.2) p r e s c r i b e d c o n d i t i o n s f o r r e p r e s e n t a t i v e sampling may b e necessary.
Dissolution of materials
For some methods of a n a l y s i s i t may be r e q u i r e d t h a t t h e a n a l y t i c a l sample be i n a l i q u i d form -t h e sample s o l u t i o n .
Acid-diges t i o n The m a t e r i a l may be brought i n t o s o l u t i o n by a c i d -d i g e s t i o n i n an open v e s s e l a t atmospheric p r e s s u r e . Acid-digestion w i t h a s u i t a b l e a c i d , o r a combina t i o n of a c i d s , may be used n o t only t o d i s s o l v e t h e m a t e r i a l b u t a l s o t o remove a m a t r i x c o n s t i t u e n t by s e l e c t i v e v o l a t i l i z a t i o n e . g . s i l i c o n by the use of h y d r o f l u o r i c a c i d . Organic m a t e r i a l s may b e decomposed by t h e , u s e of oxidants such a s n i t r i c , s u l f u r i c o r p e r c h l o r i c a c i d s . The t e r m o x i d a t i v e a c i d -d i g e s t i o n , r a t h e r than
t h e term wet-ashing, should be used i n the l a t t e r case.
Acid vapour-phase a t t a c k may be used t o d i s s o l v e m a t e r i a l i n one v e s s e l by t h e a t t a c k of t h e vapour from an a c i d i n another v e s s e l , The system may be e i t h e r open t o t h e atmosphere o r enclosed.
Some m a t e r i a l s may n o t b e f u l l y d i s s o l v e d by a c i d -d i g e s t i o n a t atmospheric p r e s s u r e . A more vigorous t r e a t m e n t involves bomb-digestion i n p r e s s u r e v e s s e l s l i n e d with p o l y t e t r a f l u o r o e t h y l e n e (PTFE) g l a s s , s i l i c a o r v i t r e o u s ( g l a s s y ) carbon o r i n s e a l e d s i l i c a tubes. The t e s t sample and a c i d s a r e heated i n such a c l o s e d v e s s e l , s o t h a t the d i g e s t i o n i s c a r r i e d o u t a t h i g h e r p r e s s u r e and temperature.
A t e s t sample which has been melted w i t h a f u s i o n r e a g e n t ( S e c t i o n 3.
1.4) can be d i s s o l v e d i n an a c i d ( o r w a t e r ) t o provide a s o l u t i o n f o r a n a l y s i s , T h i s can be achieved by pouring t h e h o t m e l t i n t o t h e a c i d ( w i t h a p p r o p r i a t e s a f e t y p r e c a u t i o n s ) where it i s coaled r a p i d l y , s h a t t e r s and d i s s o l v e s , o r , by d i s s o l u t i o n of t h e cooled m e l t .
The t e s t sample may a l s o be transformed i n t o an acid-soluble form by s i n t e r i n q i t w i t h a s u i t a b l e r e a g e n t .
For the a n a l y s i s of f a t s and oils d i s s o l u t i o n i n o r g a n i c s o l v e n t s may b e r e q u i r e d .
P a r t i a l d i g e s t i o n I n p a r t i a l d i g e s t i o n and/or s e l e c t i v e d i g e s t i o n procedures only p a r t o r some
of t h e a n a l y t e s p r e s e n t a r e brought i n t o s o l u t i o n . This may be p r e f e r r e d t o t o t a l decomposition i f r e l a t i v e c o n c e n t r a t i o n s of t h e a n a l y t e i n t h e t e s t samples provide s u f f i c i e n t information (e .g . m a t e r i a l s f o r geochemical e x p l o r a t i o n ) . According t o t h e r e a g e n t s used and t r e a t m e n t a p p l i e d (e.g. a g i t a t i o n and h e a t i n g e t c . ) t h e e x t r a c t e d p o r t i o n may correspond t o t h e a n a l y t e p r e s e n t o r bound i n a p a r t i c u l a r form. provide a means of a n a l y t e s p e c i a t i o n (see S e c t i o n 3.5) o r phase a n a l y s i s .
3.2.3
Base-diges t i o n Some m a t e r i a l s , e i t h e r i n o r g a n i c o r organic, may be d i s s o l v e d by d i g e s t i o n w i t h b a s e s .
For o r g a n i c m a t e r i a l s i n p a r t i c u l a r s o l u b i l i z a t i o n w i t h bases i s o f t e n e f f i c i e n t .
3.2.4
Enzymic decomposition Decomposition of organic m a t e r i a l s (e .g . s t a r c h , s u g a r s , p r o t e i n s e t c . ) can be achieved by enzymic decomposition, i n which t h e enzyme converts a highmolecular-mass compound i n t o lower-molecular-mass s p e c i e s . The process can be regarded a s an example of enzymic degradation.
Chemical l e a c h i n q may thus
Photochemical decomposition
Aqueous m a t e r i a l s , such a s n a t u r a l waters, may c o n t a i n organically-bound elements. These can be converted i n t o i n o r g a n i c form by hotochemical e f f e c t s ( r a d i o l y s i s ) . an a d d i t i v e and/or a c c e l e r a t e d by t h e additon of an oxidant.
3.2.6 F y r o l y t i c techniques E y r o l y t i c techniques a r e used f o r t h e high-temperature thermal decomposition of a t e s t sample o r f o r i t s conversion from one chemical form t o another.
Although n o t p r i m a r i l y intended as a method of p r e c o n c e n t r a t i o n (see S e c t i o n 3.3) , p y r o l y t i c techniques can be used t o s e p a r a t e t h e a n a l y t e o r a n a l y t e s from t h e m a t r i x of t h e t e s t sample.
I n a technique c a l l e d furnace-pyrolvsis, a flowing stream of gas (hydrogen oxygen, n i t r o g e n , c h l o r i n e , e t c . ) r e q u i r e d t o produce v o l a t i l e s p e c i e s of t h e elements being determined, i s passed over t h e t e s t sample i n a h e a t e d furnace. The a n a l y t e s l e a v e t h e furnace i n t h e gas stream, o r a r e e n t r a i n e d by a c a r r i e r gas. The a n a l y t e s i n t h e gas stream may be c o l l e c t e d i n an absorbing s o l u t i o n , on a carbon o r o t h e r f i l t e r o r by condensation on a cool s u r f a c e . I n t h e c a s e of mercury t h i s can a l s o b e done by amalgamation w i t h a noble metal. The a n a l y t e s may then be swept and r e l e a s e d from t h e t r a p , by h e a t i n g , i n t o a sampling source f o r a n a l y s i s .
The t e s t sample may a l s o be mixed w i t h a r e a g e n t t o produce a v o l a t i l e compound which i s v o l a t i l i z e d by h e a t i n g and s e p a r a t e d by d i s t i l l a t i o n .
Anodic o x i d a t i o n M e t a l l i c samples can be d i s s o l v e d by anodic o x i d a t i o n . This technique may a l s o be used t o o x i d i z e and d i s s o l v e i n c l u s i o n s o r base metal phases from metals and a l l o y s .
Preconcentration and separation
I n o r d e r t o improve t h e l i m i t of d e t e c t i o n and t h e r e l i a b i l i t y f o r t h e
determination of some a n a l y t e s i t may be d e s i r a b l e t o employ some form of p r e c o n c e n t r a t i o n and s e p a r a t i o n t o i n c r e a s e t h e a n a l y t e t o m a t r i x r a t i o (see Methods n o t covered by t h e s e r e p o r t s a r e (1) c o n c e n t r a t i o n by f i r e -a s s a y , involving h e a t i n g of t h e t e s t sample of an o r e w i t h a s p e c i a l f u s i o n r e a g e n t , and f i n a l l y removal of base metal by t h e o x i d a t i v e process of c u p e l l a t i o n , (2) cementation o f elements i n s o l u t i o n on t o a metal cementant by spontaneous e l e c t r o c h e m i c a l displacement and ( 3 ) p r e c o n c e n t r a t i o n on a c t i v a t e d carbon.
Analyte separation by volatilization using chemical reactions
Separation of t h e a n a l y t e from t h e m a t r i x can a l s o be achieved by transforming it i n t o v o l a t i l e s p e c i e s using chemical r e a c t i o n s a t approximately room tempe r a t u r e . The v o l a t i l e a n a l y t e t h u s s e p a r a t e d may b e passed e i t h e r t o a 
Wide use i s made of v o l a t i l e s p e c i e s such a s metal h y d r i d e s , h a l i d e s ,
c h e l a t e s and oxides f o r s e p a r a t i o n o r p r e c o n c e n t r a t i o n of t h e a n a l y t e .
Speciation of elements
The term s p e c i a t i o n i s a p p l i e d t o t h e i d e n t i f i c a t i o n of t h e p a r t i c u l a r combina t i o n a l form o r o x i d a t i o n s t a t e (e.g. molybdenum a s molybdate, mercury a s methylmercury e t c . ) , i n which an element e x i s t s i n a m a t e r i a l and t o t h e determination of t h e element i n t h a t form.
S p e c i a t i o n may b e achieved d i r e c t l y by using a method s p e c i f i c t o t h e p a r t i c u l a r form of t h e a n a l y t e , e.g. some molecular s p e c t r o s c o p i c methods. Non-speciating atomic s p e c t r o s c o p i c methods can b e used f o r some s p e c i a t i o n s t u d i e s i f p r e c a u t i o n s a r e taken i n t h e p r e p a r a t i o n s t a g e s t o prevent a l t e ra t i o n of t h e form of t h e s p e c i e s , o r a d d i t i o n a l s e p a r a t i o n s t a g e s a r e i n t r o a u c e d t o s e p a r a t e t h e v a r i o u s a n a l y t e s p e c i e s (e.g. by g a s , l i q u i d , t h i n -l a y e r o r paper chromatography) .
The e f f i c i e n c y of t h e process may be incre:sed by t h e use of P r e c o n c e n t r a t i o n . . Pressed-disc . . . . 
